Uterine arteriovenous malformation (AVM) is generally associated with uterine trauma such as dilatation and curettage, therapeutic abortion, uterine surgery and uterine malignant tumors 1) . Uterine artery embolization (UAE) is performed on patients with uterine AVM who have desire for future pregnancy 2) . Some successful pregnancies were reported after UAE for uterine AVM 5,6) , however complication during pregnancy has not been described clearly. We herein for the first time report two cases of successful pregnancy and spontaneous delivery after UAE for uterine AVM who had placenta accreta and placental abruption respectively. Although successful pregnancy is possible after UAE for AVM, placenta abnormalities have to be considered during pregnancy and after delivery.
INTRODUCTION
UAE has become an important treatment option for hemorrhage of obstetric and gynecological diseases. AVMs arising from the uterus are rare but often exhibit massive hemorrhage. To treat AVM with massive hemorrhage in patients who desire future fertility, UAE is the first choice. UAE for uterine AVM is generally safe but its effect on future pregnancy remains unknown. We herein report two cases of successful pregnancy and spontaneous delivery after UAE for uterine AVM, both of which suffered from placenta accreta and abruption placenta respectively during pregnancy.
CASE REPORT

Case 1
A 34 -yearold woman, gravida 1 para 0 was admitted to another hospital due to an episode of vaginal hemorrhage. Her previous medical history included a termination of pregnancy by prostaglandin without undergoing curettage. Blood transfusion was twice performed because of recurrent vaginal hemorrhaging. Vaginal ultrasound and CT angiography revealed an unusual blood flow in the uterine body. The patient was then transferred to our hospital where she was pale on physical examination. Color Doppler transvaginal ultrasound revealed a mosaic pattern of AVM in the myometrium of the anterior wall ( Fig. 1A) . Due to the recurrent heavy vaginal bleeding, a decision was made to treat an area of AVM with percutaneous embolization. Pelvic digital subtraction angiogra-PREGNANCY AFTER UAE FOR SYMPTOMATIC AVM phy in the early phase showed an arteriovenous shunt, hypertrophic arterial mass and early drainage into the left lilac vein (Fig. 1B ). Bilateral UAE with gelatin sponge was successfully performed and she was discharged from hospital. The patient had an uneventful followup. She returned to us following a positive urine pregnancy test at sixth months after embolization. Serial ultrasound examination confirmed appropriate fetal growth. The placentation was in the same site where AVM occurred (Fig.  1C ). She went into spontaneous labor at 40 weeks and delivered a 3,402 g infant by vacuum extraction due to the rigidity of the soft birth canal. The placenta was not seen within 30 minutes after delivery and there was increased hemorrhaging from the uterus. An oxytocin was therefore used to achieve uterine contractions. However, the hemorrhage continued, thus the manual removal of the placenta was attempted. Although a small part of the placenta seemed to have placenta accreta, almost the entire placenta was successfully removed. The hemorrhage stopped after this procedure.
Case 2
A 30 yearold woman, gravida 1 and para 1, was referred to our department with profuse vaginal bleeding. She had had a normal spontaneous delivery, however experienced a heavy atonic uterine hemorrhage after the delivery at the previous hospital 1 month prior to the presentation to our hospital.
On physical examination she was orthostatic, tachycardic, and pale. Her hemoglobin level fell to 8.7 g/ dl from her baseline of 12.5 g/dl. She was transfused with 2 units of packed red blood cells. A serum pregnancy test was negative with normal β -HCG levels. A pelvic ultrasound examination revealed a mass mainly consisting of vessels originating in the anterior uterine myometrium and extending into the endometrial cavity, consistent with an AVM ( Fig. 2A ). In an attempt to preserve fertility and achieve prompt relief from hemorrhage, the decision was made to treat her with percutaneous embolization. We performed superselective embolization ( Fig. 2B ) of uterine AVM with gelatin sponge cut by about 1.5 mm. After successful embolization of the AVM, her vaginal hemorrhage was minimal, and she was discharged from hospital the next day. The patient had an uneventful followup. She returned to us reporting a positive urine pregnancy test result at the fourth months after embolization. Serial ultrasound examinations confirmed appropriate fetal growth. The site of placentation was on the different site to the area of AVM ( Fig. 2C ). At 24 weeks gestation she was readmitted to our hospital complaining of uterine contractions. Transvaginal ultrasound revealed the shortening of cervical length to 15 mm, and irregular uterine contractions were revealed by maternal fetal monitoring. The patient had no inflammatory signs and cervicovaginal fetal fibronec- She was readmitted to our department. The night she was admitted, a profuse bright red vaginal hemorrhage occurred and a placental abruption was highly suspected. Bleeding discontinued soon, and the fetal monitoring showed a reassuring pattern. Augmentation by oxytocin was required because of the ripening of her uterine cervix. After 4 hours, a male baby weighing 2,950 g, with Apgar scores of 10/10, was delivered. The placenta was delivered smoothly and the freshly delivered placenta was showing evidence of clinically retroplacental clot, thus we concluded a placental abruption had happened. The uterine contraction was good and any adverse event did not happend.
DISCUSSION
Although uterine AVM is considered a rare and lifethreatening entity, descriptions have been limited to isolated case reports and small case series 1 -5) . Uterine AVM can be classified as congenital or acquired 2) . Causes of acquired uterine AVM are usually traumatic, resulting from dilation and curettage, therapeutic abortion, uterine surgery, direct uterine trauma and less commonly retained products of conception, trophoblastic disease, choriocarcinoma, or other gynecologic malignancies 1 -3) . Methods for diagnosing uterine AVM include ultrasonography, CT, MRI, and angiography 6, 7) . Grayscale ultrasound findings of AVM are multiple anechoic structures with serpentine contours within the myometrium, while the addition of color doppler provides diagnostic sensitivity and a more accurate, noninvasive method of investigation 8) . On color Doppler imaging, AVM typically appears as vascular tangles of tortuous vessels, with highvelocity, lowresistance flow 9) . CT and MRI are very useful in determining the size, extent, and vascularity of AVM and defining the involvement of adjacent organs 10) .
Several reports have described that for treatment of AVM, methylergonovine maleate 11) , gonadotropin releasing hormone analog 12) and danazol 13) are possible options if the patient has slight bleeding. But when the patient have severe bleeding or the symptom of bleeding is repeated, UAE is first choice 1 -4) . UAE has been used for patients with symptomic uterine leiomyoma, and several reports about pregnancy after UAE for symptomatic leiomyatoma have been published 14, 15) . The safety of pregnancy after UAE for symptomatic leiomyoma has yet to be clearly proved. But most reports describe that the growth of the fetus was not affected. The main problem is the placental abnormalities such as placenta increta and accreta, increasing of cesarean section, and hemorrhage after deliv- ery 16) . On the other hand among the patients who underwent UAE for AVM, the evidences of pregnancy after UAE for AVM are much less than those after UAE for leiomyoma. Delotte et al. 17) and Vilos et al. 18) reviewed total 30 cases of pregnancies following UAE for AVM and they reported that one placental previa happened but case of abruption placenta and placenta increta or accreta did not happened among these cases. The mechanism of placental abnormalities has not been reported in detail but it may be due to damage of the endometrium by UAE for leiomyoma. The potential explanation for abnormal placentation following UAE for leiomyoma is the endometrial ischaemia which would adversely affect the quality of the endometrium and the myometrial deficit left after the expulsion of the infarcted leiomyoma, which occurs in up to 10% of women undergoing UAE for symptomatic uterine leiomyoma 16) . Implantation at such a site could be assumed to be associated with a higher incidence of placenta accreta, particularly if minimal myometrium remains 16) . Direct implantation of a placenta onto a leiomyoma or focal myometrial deficit has been described by two groups in published case reports both of which were diagnosed after unexpected complications occurred during delivery 16) . Hystero scopy revealed that the endometrium after UAE for symptomatic leiomyoma had a necrotic area, and histological analysis during hysteroscopy showed that about 5% of the endometrium after UAE was hypoproliferative 19) . The much smaller particle size for UAE relates to the non selective embolization and damages not only uterine normal tissue but also adnexa tissue. Thus we used about a 1,500 µm particle of gelatin sponge to reduce the possibility of damage of the endometrium. This is the first report of placenta accreta and placental abruption after UAE for uterine AVM. The placenta accreta patient could easily have had her placenta removed, but due to atonish bleeding, she needed a blood transfusion. The patient with placenta abruption fortunately had a smooth delivery and fetal monitoring appeared reassuring and vaginal bleeding discontinued. In placenta accreta, the placenta was located where AVM had occurred whereas in placental abruption, the placenta was located where AVM had not occur. We therefore consider the site of placentation has a deep relationship with the cause of abnormal placentation. The endometrium of the AVM site could easily be affected by the embolization than the other sites. The embolization leaves a scar in the endometrium and acceler-ates the possibility of placenta accrete increta. More over, we speculate that if the site of placentation is different from the AVM site, the damaged endometrium due to UAE may become atrophic and cause disruption of the placental attachment and abruption placenta. In our case, especially about the case of abruption placenta, there is possibility that this occured episodically, so we can not conclude exactly that UAE for AVM was the cause of a placental abruption.
In conclusion, UAE is a safe and useful treatment for uterine AVM and several reports have reported that deliveries could be achieved in safe manner after UAE for AVM, however we should pay sufficient attention to the possibility of placental abnormalities such as placenta accrete increta and abruption placenta after UAE for AVM. Accumulation of many cases of the delivery after UAE for AVM is needed.
